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Abstract
Objective: The purpose of the current study was to examine associations of
individual and aggregated screen-based behaviours, and total sitting time, with
healthy and unhealthy dietary intakes among adolescents.
Design: Cross-sectional study of adolescents. Participants self-reported durations
of television viewing, computer use, playing electronic games (e-games), total
sitting time, daily servings of fruits and vegetables, and frequency of consumption
of sugar-sweetened beverages (SSB), diet beverages, fast foods and discretionary
snacks. Logistic regression models were conducted to identify associations of
screen-based behaviours, total screen time and total sitting time with dietary
intakes.
Setting: Victoria, Australia.
Subjects: Adolescents (n 939) in School Year 11 (mean age 16·8 years).
Results: The results showed that watching television (≥2 h/d) was positively
associated with consuming SSB and diet beverages each week and consuming
discretionary snacks at least once daily, whereas computer use (≥2 h/d) was
inversely associated with daily fruit and vegetable intake and positively associated
with weekly fast-food consumption. Playing e-games (any) was inversely
associated with daily vegetable intake and positively associated with weekly
SSB consumption. Total screen (≥2 h/d) and sitting (h/d) times were inversely
associated with daily fruit and vegetable consumption, with total screen time also
positively associated with daily discretionary snack consumption and weekly
consumption of SSB and fast foods.
Conclusions: Individual and aggregated screen-based behaviours, as well as total
sitting time, are associated with a number of indicators of healthy and unhealthy
dietary intake. Future research should explore whether reducing recreational
screen time improves adolescents’ diets.
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Less than a third of adolescents in Western countries meet
sedentary behaviour guidelines that recommend they
participate in screen time for no more than 2 h/d(1–3). This
is concerning because evidence among adolescents sug-
gests that high amounts of television (TV) viewing
increase the risk of overweight and obesity and metabolic
syndrome, independent of leisure-time physical activ-
ity(4,5). There are several potential mechanisms for this.
Among adults, there is some evidence that prolonged
sitting may impair metabolic processes(6). Another
hypothesis is that behaviours such as TV viewing displace
physical activity. However, a meta-analyses involving 163
studies found only a small inverse association between
sedentary behaviour and physical activity, suggesting that
these behaviours do not directly displace one another(7).
It has also been suggested that sedentary behaviour is
associated with poor dietary habits, which may also help
explain adverse health outcomes. Watching TV, for
example, has been linked with consuming fewer fruits and
vegetables, higher intakes of discretionary snacks, sugar-
sweetened beverages (SSB) and takeaway foods, and
greater overall energy intake(8). Indeed, several studies
have demonstrated a tendency for ‘unhealthy’ behaviours
such as sedentary behaviour and diet to cluster together(9).
Apart from TV viewing, few studies have examined
associations of other sedentary screen-based behaviours,
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such as computer use and playing electronic games
(e-games), and overall sedentary time with dietary
intake(10–14). Of the existing studies, the majority have
examined an aggregate measure of screen-based sedentary
behaviours (e.g. ‘total screen time’)(10,11) or a combined
measure of dietary intakes (e.g. combining all ‘unhealthy’
foods)(12). To date, studies that have explored associations
between a range of individual sedentary behaviours and
dietary intake have focused on children(13,14). Those studies
found that TV viewing was associated with a number of
unhealthy dietary intakes among 9–11-year-old children,
such as higher consumption of soft drinks, sweets, pastries,
fried foods and fast foods, and lower fruit and vegetable
consumption(13,14). Computer use was associated only with
higher energy intake(13), and overall sedentary time was
associated only with the consumption of sport drinks(14).
However, little is known about whether these associations
observed in children are evident among adolescents.
Adolescents in Western countries have notoriously poor
diets, consuming more SSB and fast foods than any other
age group(15–17). In Australia, for example, a recent national
dietary survey highlighted that only 5% of adolescents con-
sumed recommended quantities of fruits and vegetables, over
50% of adolescents consumed SSB on the day of the survey,
and energy-dense, nutrient-poor discretionary foods and
beverages (such as confectionery, SSB, takeaway foods)
contributed a total of 41% of energy intake(15). Poor diets
are important contributors to the burden of disease in
Australia(18). Among youth, eating too few fruits and vege-
tables and consumption of SSB are associated with over-
weight and obesity and poorer cardiometabolic health(19).
Exploring the associations between various sedentary beha-
viours and a range of eating habits may help to inform future
interventions to improve overall lifestyle behaviours in ado-
lescents. The current study aimed to determine associations of
individual and aggregated screen-based behaviours, and total
sitting time, with healthy (e.g. fruit and vegetable intakes) and
unhealthy (e.g. discretionary snacking, SSB consumption, and
fast-food intakes) dietary intake among adolescents.
Methods
Study design
The present study draws on baseline cross-sectional data
from the ProjectADAPT study; a 3-year longitudinal
study that recruited participants in Year 11 (approximately
16–17 years old) and tracked their behaviours into young
adulthood. Baseline data were collected between August
2013 and June 2015.
Participant recruitment
Participants were recruited through secondary schools
and online advertising. Schools with at least ﬁfty students
enrolled in Year 11 (second-last year of secondary school
in Australia) were selected across strata (tertiles) of
area-level socio-economic status (SES) within (i) urban
and (ii) rural areas of Victoria. Area-level SES was based
on the Index of Relative Socio-Economic Advantage and
Disadvantage, compiled by the Australian Bureau of
Statistics, which takes into account pockets of advantage
within disadvantaged postcodes(20). Urban v. rural areas
were deﬁned using the Australian Bureau of Statistics’
Remoteness Index (major city or regional/remote)(21).
Participating schools (n 47) distributed information
about the study to Year 11 students from August 2013 to
September 2014. Consent was received from 382 partici-
pants (4% of recruitment packs distributed). As the response
was low, an advertisement for the study was placed on an
online social networking site (Facebook) to complement
recruitment via schools. The advertisement was limited to
participants aged 16–17 years living in Victoria, Australia and
ran from September to November 2014 and from April to
May 2015. The advertisement directed individuals to a study
website where they could register their interest to receive
detailed information about the study. Consent was received
from 640 participants recruited through social media
(of 2770 registrations of interest). In total, 1076 consent forms
were received, and baseline surveys were completed by
1022 participants. In 2013, participants completed the survey
via telephone. Participants recruited from 2014 could opt to
complete surveys online or via telephone interview. In total,
seventy-six participants completed the survey via telephone.
Measures
Sedentary behaviour
Total time usually spent watching TV, using a computer,
laptop or tablet for leisure, and playing e-games for leisure
during the week (Monday to Friday) and the weekend
(Saturday and Sunday) was self-reported (eight separate
items); these items were adapted from an existing
instrument(22). Responses for weekdays and weekends
were summed for each individual behaviour and con-
verted to average hours per day. Each individual beha-
viour was summed to compute total screen time. As all
individual sedentary behaviour variables were negatively
skewed, watching TV, using a computer and total screen
time were each dichotomized as <2 h/d v. ≥2 h/d in
accordance with the Australian Sedentary Behaviour
Guidelines, which recommend that adolescents aged
12–18 years should not spend more than 2 h/d partici-
pating in screen time for recreational purposes(23). The
test–retest reliability of these and other survey items was
tested in a separate sample of eighty-three Year 11
students with a 2-week interval between administrations
(15·8d on average). Moderate to substantial test–retest
reliability was observed for these three dichotomous vari-
ables (79 to 99% agreement). Playing e-games was dichot-
omized as ‘does not play e-games’ and ‘plays e-games’ (86%
test–retest agreement) as a large proportion of participants
did not play e-games for more than 2 h/d.
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Total time spent sitting on a usual weekday and a usual
weekend day, excluding travel in a motor vehicle, was
self-reported as separate items using items from the
International Physical Activity Questionnaire – Long
Form(24). Responses for weekdays were multiplied by
5 and usual weekend day multiplied by 2, then summed
and divided by 7 to calculate average hours per day over a
usual week(25). Test–retest reliability of duration of sitting
(h/d) was moderate (two-way mixed-effects model,
absolute agreement, individual measure: intra-class
correlation= 0·53, 95% CI 0·35, 0·67; n 80). Time spent
sitting was treated as a continuous variable in all analyses.
Dietary intake
Participants reported the number of servings of fruit and
the number of servings of vegetables they usually ate
per day(26). Fruit was deﬁned as any fresh, dried, frozen or
tinned fruit, excluding fruit juice. Vegetables were deﬁned
as any fresh, frozen or tinned vegetables, excluding
potatoes, hot chips and fried potato. Response options
were none, <1 serving, 1 serving, 2 servings, 3 servings, 4
servings, 5 servings and ≥6 servings daily. One serving of
fruit was deﬁned as equal to a medium piece or two small
pieces of fruit, or one cup of diced pieces of fruit; one
serving of vegetables was deﬁned as equal to ½ cup of
cooked vegetables or 1 cup of salad vegetables(26).
Participants reported how much SSB and diet bev-
erages, respectively, they usually drink (1 cup= 250 ml).
SSB included soft drinks, cordial, sport drinks and energy
drinks. Diet beverages included the diet version of soft
drinks, cordial and sport drinks. Response options for both
items were none, <1 cup/week, 1–3 cups/week, 4–6
cups/week, 1–2 cups/d, 3–4 cups/d and ≥5 cups/d.
Consistent with deﬁnitions of energy-dense, nutrient-
poor discretionary foods in the Australian Dietary
Guidelines(27), discretionary snacks were deﬁned as con-
sumption of dairy-based desserts, salty snacks from grains
or starchy vegetables, sweet snacks such as sweet biscuits,
cakes and mufﬁns, and confectionery(28). Discretionary
snacks were represented by ﬁve items(29). Participants
reported how frequently they usually ate: (i) ice cream,
icy poles and ice blocks; (ii) hot chips, wedges and fried
potato; (iii) potato crisps and other salty snacks; (iv)
confectionery such as lollies and chocolates; and (v) sweet
biscuits, cakes and mufﬁns. Response options (and
coding) were: never (0), <1 time/week (0·07), 1–2 times/
week (0·20), 3–4 times/week (0·50), 5–6 times/week
(0·80), once a day/every day (1), 2 times/d (2) and ≥3
times/d (3). These items were summed. An additional
item, usual frequency of fast-food intake, including meals
or snacks from any takeaway food place, was reported on
the same scale.
As the majority of dietary variables were negatively
skewed, all were dichotomized in accordance with the
Australian Dietary Guidelines(27). Servings of fruit was
dichotomized as ≥2 servings/d v. <2 servings/d. Initially,
servings of vegetables was dichotomized as ≥5 servings/d
v. <5 servings/d; however, very few participants con-
sumed ≥5 servings/d. As such, servings of vegetables was
dichotomized as ≥3 servings/d v. <3 servings/d. The
dietary guidelines recommend that SSB, fast foods and
discretionary snacks be consumed only occasionally and
in small amounts; therefore regular SSB and diet beverages
were dichotomized as <1 cup/week v. ≥1 cup/week, fast-
food intake as <1 time/week v. ≥1 times/week, and dis-
cretionary snacks as <1 time/d v. ≥1 times/d. Test–retest
reliability was good to excellent (71 − 95% agreement) for
these six dichotomous variables.
Covariates
Age, sex, BMI Z-score, participant’s residential location
(rural v. urban), recruitment method (via school or social
media), and mother’s and father’s highest education level
were examined as potential covariates. Self-reported
height and weight were used to calculate participants’
BMI Z-score using the age- and sex-speciﬁc BMI percen-
tiles based on the WHO’s BMI-for-age cut-offs(30). Rural
and urban location of the participants’ residence was
deﬁned based on the Australian Bureau of Statistics’
Remoteness Index(21). Both the mother’s and father’s
highest education were reported by the participant
with seven response options: (i) never attended school;
(ii) primary school; (iii) some high school; (iv) completed
high school; (v) technical or trades school certiﬁcate or an
apprenticeship; (vi) university or tertiary qualiﬁcation; and
(vii) not applicable/no mother/father carer. For the ana-
lyses, the response options were combined into three
categories: (i) some high school or less; (ii) completed
high school, or technical or trades school certiﬁcate
or an apprenticeship; and (iii) university or tertiary
qualiﬁcation(31).
Statistical analyses
All analyses were conducted using the statistical software
package STATA/SE 14.0 (2015). Descriptive statistics were
used to describe the sample characteristics and sedentary
behaviour and dietary intake variables. Differences in
these variables according to sex were determined using
either χ2 analyses or independent t tests. Regression was
carried out to examine whether potential covariates
(age, sex, BMI Z-score, participant’s residential location,
recruitment method, and mother’s and father’s education)
were associated with the predictor and outcome variables.
Sex, residential location, and mother’s and father’s edu-
cation were signiﬁcantly associated with both sedentary
behaviours and dietary intakes, except for paternal edu-
cation; subsequent fully adjusted analyses adjusted for
these covariates. Method of recruitment (school or social
media) was associated with computer use and thus
adjusted for in the analyses involving individual screen-
based behaviours.
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A series of crude and fully adjusted multiple logistic
regression models were carried out to identify associations
between: (i) each individual sedentary behaviour (e.g. TV
viewing, computer use and e-games, entered into the
same model) and each dietary variable; (ii) total screen
time and each dietary variable; and (iii) total sitting time
and each of the dietary variables. All analyses accounted
for clustering by school. Fully adjusted analyses were
repeated to include an interaction term between the
sedentary behaviour variables and sex. Any signiﬁcant sex
interactions (indicated by a reduction in Akaike informa-
tion criterion of >2 points(32)) were probed by repeating
the models stratiﬁed by sex. Signiﬁcance was set at
P < 0·05. Only participants with complete data on each
outcome (diet), predictor variable and covariate were
included in the analytical sample (n 939; eighty-two
exclusions).
Results
Sample characteristics are presented in Table 1. The mean
age of participants was 16·8 years and the sample com-
prised more girls than boys. Overall, 69% of the sample
spent ≥ 2 h/d in total screen time, just over a third spent
≥2 h/d using a computer for recreation, about one in four
watched TV for ≥2 h/d and a similar proportion (overall)
reported usually playing e-games. Comparatively few girls
reported playing e-games compared with boys. Most
participants met recommendations for fruit, 45% con-
sumed ≥3 servings of vegetables daily, a third drank at
least one cup of SSB per week and a further 17% con-
sumed diet beverages. The proportion who reported con-
suming discretionary snacks at least daily was very high
(70%) and about a third reported eating fast foods on a
weekly basis. There were no signiﬁcant differences in
demographic characteristics and sedentary behaviour vari-
ables between those included in the analyses compared
with those excluded due to incomplete data. However,
fewer of those included in the analyses consumed ≥1 cup of
diet beverages per week (17% v. 28%, P=0·02) and fast
foods at least once weekly (32% v. 43%, P=0·03).
Individual screen-based sedentary behaviours and
dietary intakes
Participants who watched TV for ≥ 2 h/d had 50% and
68% higher odds of consuming regular SSB and diet
beverages, respectively, and 44% higher odds of con-
suming discretionary snacks, than those who spent <2 h
watching TV daily, independent of computer use and
e-games. Those who used the computer for ≥2 h/d had
46% and 39% lower odds of consuming ≥2 servings
fruit/d and ≥3 servings vegetables/d, respectively, and
50% higher odds of consuming fast foods on more than
one occasion each week, than those with computer time
of <2 h/d, independent of time spent watching TV and
using e-games. Participants who used e-games had 42%
lower odds of consuming ≥3 servings vegetables/d and
62% higher odds of consuming regular SSB more than
once per week compared with those who did not play
e-games, independent of time watching TV and using a
computer. There were no interactions by sex for any of the
individual sedentary behaviours (Tables 2–4).
Total screen time and dietary intakes
Participants who engaged in total screen time for ≥ 2 h/d
had 47% and 34% lower odds of consuming ≥2 servings
fruit/d and ≥3 servings vegetables/d, respectively, than
those who spent <2 h/d engaged in screen time (Table 2).
Participants who engaged in screen time for ≥2 h/d also
had higher odds of consuming SSB (Table 3), discretionary
snacks and fast foods (Table 4) than those who spent <2 h
engaged in screen time daily. There were no signiﬁcant
interactions by sex.
Table 1 Characteristics of the sample of adolescents in School
Year 11, Victoria, Australia, August 2013–June 2015; Project-
ADAPT study
Total
(n 939)†
Boys
(n 241)†
Girls
(n 698)†
Characteristic % % %
Age (years)
Mean 16·9 16·9 16·8
SD 0·4 0·4 0·4
Overweight 12·9 13·9 12·5
Obese 4·2 2·5 4·8
Resident location
Rural 30·1 33·6 28·9
Urban 69·9 66·4 71·1
Recruitment channel
School 37·1 42·3 35·2
Facebook 62·9 57·7 64·8*
Mother’s highest education
Some high school 16·9 15·4 17·5
Completed high school/tech/trade 25·0 24·5 25·2
University or tertiary qualification 58·0 60·2 57·3
Father’s highest education
Some high school 17·0 12·8 18·4
Completed high school/tech/trade 34·5 32·7 35·2
University/tertiary qualification 48·5 54·4 46·4
Sedentary behaviours
TV viewing, ≥2 h/d 25·8 23·2 26·7
Computer use, ≥2 h/d 36·2 37·3 35·8
E-games, no/yes 23·6 53·9 13·2***
Total screen time, ≥2 h/d 69·4 77·2 66·8**
Total sitting time (h/d)
Mean 7·9 7·5 8·1
SD 2·7 2·9 2·7**
Dietary intakes
Fruit, ≥2 servings/d 68·2 61·8 70·3*
Vegetables, ≥3 servings/d 45·1 40·3 46·7
SSB, ≥1 cup/week 33·3 51·0 27·2***
Diet beverages, ≥1 cup/week 17·4 22·4 15·6*
Discretionary snacks, ≥1 times/d 70·3 75·5 68·5*
Fast foods, ≥1 times/week 31·7 36·9 29·9*
TV, television; e-games, electronic games; SSB, sugar-sweetened beverages.
*P < 0·05; **P < 0·01; ***P < 0·001.
†There were additional missing data for weight status (total n 899; boys n 237;
girls n 662).
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Table 2 Associations between sedentary behaviours and fruit and vegetable intakes in the sample of adolescents (n 939) in School Year 11
(mean age 16·8 years), Victoria, Australia, August 2013–June 2015; ProjectADAPT study
Fruit, ≥2 servings/d Vegetables, ≥3 servings/d
Crude Fully adjusted Crude Fully adjusted
OR† 95% CI OR† 95% CI OR† 95% CI OR† 95% CI
Individual behaviours‡
TV ≥2 h/d (ref.: <2 h/d) 0·93 0·67, 1·27 0·93 0·67, 1·28 1·04 0·77, 1·40 1·06 0·79, 1·44
PC ≥2 h/d (ref.: <2 h/d) 0·54 0·39, 0·74* 0·54 0·38, 0·75* 0·58 0·44, 0·78* 0·61 0·46, 0·81*
Plays e-games (ref.: no) 0·63 0·45, 0·87* 0·74 0·51, 1·08 0·54 0·37, 0·79* 0·58 0·39, 0·86*
Total screen time§
≥2 h/d (ref.: <2 h/d) 0·50 0·36, 0·68* 0·53 0·38, 0·73* 0·61 0·47, 0·79* 0·66 0·50, 0·86*
Total sitting time§
Total sitting time (h/d) 0·93 0·88, 0·98* 0·92 0·87, 0·97* 0·94 0·89, 0·98* 0·93 0·89, 0·98*
TV, television; ref., reference category; PC, personal computer.
For all analyses, significance is denoted by *P < 0·05.
†Crude OR: unadjusted for covariates. Fully adjusted OR: model including individual behaviours adjusted for sex, participant’s residential location and mother’s
education.
‡Logistic regression with TV, PC and e-games entered into the same model, accounts for clustering by school. Fully adjusted OR also adjusted for recruitment
method.
§Logistic regression, accounts for clustering by school.
Table 3 Associations between sedentary behaviours and beverage intakes in the sample of adolescents (n 939) in School Year 11 (mean
age 16·8 years), Victoria, Australia, August 2013–June 2015; ProjectADAPT study
Regular SSB, ≥ 1 cup/week Diet beverages, ≥1 cup/week
Crude Fully adjusted Crude Fully adjusted
OR† 95% CI OR† 95% CI OR† 95% CI OR† 95% CI
Individual behaviours‡
TV ≥2 h/d (ref.: <2 h/d) 1·45 1·06, 2·00* 1·50 1·09, 2·07* 1·72 1·21, 2·46* 1·68 1·17, 2·40*
PC ≥2 h/d (ref.: <2 h/d) 0·85 0·62, 1·18 0·85 0·61, 1·18 1·16 0·82, 1·64 1·19 0·85, 1·67
Plays e-games (ref.: no) 2·44 1·83, 3·26* 1·62 1·16, 2·26* 1·49 1·03, 2·17* 1·20 0·82, 1·77
Total screen time§
≥2 h/d (ref.: <2 h/d) 1·67 1·25, 2·22* 1·48 1·11, 1·98* 1·44 0·97, 2·12 1·32 0·88, 1·98
Total sitting time§
Total sitting time (h/d) 0·94 0·89, 0·99* 0·96 0·91, 1·01 0·97 0·91, 1·04 0·99 0·92, 1·06
SSB, sugar-sweetened beverages; TV, television; ref., reference category; PC, personal computer.
For all analyses, significance is denoted by *P < 0·05.
†Crude OR: unadjusted for covariates. Fully adjusted OR: model including individual behaviours adjusted for sex, participant’s residential location and mother’s
education.
‡Logistic regression with TV, PC and e-games entered into the same model, accounts for clustering by school. Fully adjusted OR also adjusted for recruitment method.
§Logistic regression, accounts for clustering by school.
Table 4 Associations between sedentary behaviours and snack and fast-food intakes in the sample of adolescents (n 939) in School Year 11
(mean age 16·8 years), Victoria, Australia, August 2013–June 2015; ProjectADAPT study
Snacks, ≥1 times/d Fast foods, ≥1 times/week
Crude Fully adjusted Crude Fully adjusted
OR† 95% CI OR† 95% CI OR† 95% CI OR† 95% CI
Individual behaviours‡
TV ≥2 h/d (ref.: <2 h/d) 1·39 1·01, 1·92* 1·44 1·05, 1·98* 1·10 0·76, 1·58 1·09 0·75, 1·57
PC ≥2 h/d (ref.: <2 h/d) 1·04 0·76, 1·42 1·04 0·76, 1·42 1·56 1·18, 2·08* 1·50 1·13, 2·00*
Plays e-games (ref.: no) 1·44 0·98, 2·12 1·31 0·86, 1·98 1·43 1·04, 1·97* 1·21 0·84, 1·75
Total screen time§
≥2 h/d (ref.: <2 h/d) 1·51 1·13, 2·03 1·50 1·12, 2·00* 1·95 1·44, 2·65* 1·80 1·33, 2·44*
Total sitting time§
Total sitting time (h/d) 1·01 0·96, 1·07 1·02 0·97, 1·08 1·00 0·95, 1·05 1·00 0·95, 1·06
TV, television; ref., reference category; PC, personal computer.
For all analyses, significance is denoted by *P < 0·05.
†Crude OR: unadjusted for covariates. Fully adjusted OR: model including individual behaviours adjusted for sex, participant’s residential location and mother’s
education.
‡Logistic regression with TV, PC and e-games entered into the same model, accounts for clustering by school. Fully adjusted OR also adjusted for recruitment
method.
§Logistic regression, accounts for clustering by school.
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Total sitting time and dietary intakes
For every hour of time spent sitting, participants had 8%
and 7% lower odds of consuming ≥2 servings fruit/d and
≥3 servings vegetables/d, respectively (Table 2). An
interaction by sex was observed between total sitting time
and diet beverages (P= 0·05). The association was
negative among males (OR= 0·89; 95% CI 0·78, 1·02,
P= 0·10) and positive among females (OR= 1·03; 95% CI
0·96, 1·12, P= 0·353), but neither association was sig-
niﬁcantly signiﬁcant.
Discussion
The present study is one of the ﬁrst to examine associa-
tions among a range of sedentary behaviours and healthy
and unhealthy dietary intakes among adolescents. The
ﬁndings suggest that screen-based sedentary behaviours,
such as watching TV, using a computer and playing
e-games (individually and in aggregate), are more strongly
associated with unhealthy dietary intakes than overall sit-
ting time. Of note, individual screen-based behaviours
were associated with different dietary intakes. Using a
computer and playing e-games were associated with fewer
servings of fruits and vegetables, more frequent fast-food
consumption and higher SSB intake, whereas TV viewing
was associated with a higher consumption of both SSB and
diet beverages and more frequent consumption of dis-
cretionary snacks. In contrast, total sitting time was only
associated with lower consumption of fruits and vege-
tables. The lack of ﬁndings for total sitting time across
other dietary variables examined in the present study may
reﬂect the varied contexts in which sitting occurs (e.g. at
school, on public transport).
The current ﬁnding that more than 2 h of TV viewing
daily is associated with higher consumption of SSB, diet
beverages and discretionary snacks is consistent with
previous literature(14,33). Studies have found that TV
viewing is positively associated with fast-food intake and
inversely associated with fruit and vegetable intake(8,14).
This could be due to a number of factors, including
‘mindless eating’ where a lack of attention to the quality
and quantity of food consumed can lead to overeating(34),
advertising of SSB and discretionary snacks during peak
viewing times of children(35), or the sponsorship of fast
foods and SSB on popular adolescents’ TV programmes
and televised sport(36). Family and peers may also inﬂu-
ence both screen time and dietary behaviour among
adolescents, although further research regarding peer
inﬂuences on sedentary behaviours is required(37). As
most recreational screen time occurs in the home and
much of the food adolescents eat is provided by families,
supportive home environments that discourage excessive
sitting and encourage healthy eating are critical.
A study of Brazilian adolescents found that behaviours
such as eating meals in front of the TV and snacking
while using screens are prevalent in the adolescent age
group(38). These habits may be linked to family practices
that develop from an early age. Among children, the fre-
quency of eating meals in front of the TV is inversely
associated with healthy eating habits(39,40) and positively
associated with higher odds of being overweight or
obese(41). During childhood, the practice of eating meals
in front of the TV, and the type of foods eaten, are largely
regulated by other family members, and there is some
evidence that ‘clustering’ of TV viewing and energy-dense
food consumption could track from late childhood to
adolescence and is associated with higher odds of being
overweight or obese longitudinally(42). Promoting healthy
meal practices from an early age, such as not eating in
front of the TV, may be important for creating healthy
lifestyle habits later in adulthood.
While most studies have focused solely on the role of
TV viewing, the present study found that total screen time
was associated with consumption of fewer servings of
fruits and vegetables, higher consumption of regular SSB
and more frequent consumption of snacks and fast foods,
and that this was not driven solely by TV viewing. Further,
recreational computer use and playing e-games were also
associated with similar unhealthy dietary intakes. These
ﬁndings are consistent with other studies among chil-
dren(13,43) and together suggest that recreational screen
use could be a useful indicator of poor dietary habits. The
results suggest that, in addition to TV viewing, interven-
tions should also focus on reducing other types of screen
behaviours.
Although other studies examining TV viewing have
reported inverse associations between TV viewing and
fruit and vegetable intake, ours is one of the ﬁrst studies in
adolescents to report that overall screen time and total
sitting time also have a negative impact on fruit and
vegetable consumption. For example, the current study
found those who engaged in screen time for ≥2 h/d had
34–47% lower odds of consuming the recommended
amount of fruits and vegetables, and for every hour spent
sitting, the odds of consuming the recommended amount
of fruits and vegetables was almost 10% lower. This link
could be partially explained by clustering of unhealthy
behaviours, where unhealthy behaviours such as high
sedentary time, unhealthy nutrition and insufﬁcient phy-
sical exercise coexist(44) and may share the same
determinants.
The present study is one of few to examine associations
between a range of sedentary behaviours and dietary
habits among adolescents, which is a time of high risk for
unhealthy lifestyles but also an opportune time to promote
health. The ﬁndings provide support for government
recommendations to limit screen time and prolonged
sitting(23) and suggest that it is possible that interventions
designed to limit sedentary behaviour could have a ben-
eﬁcial impact on diet. The ﬁndings suggest that interven-
tions that target both a reduction in individual and overall
recreational screen time, as well as overall sedentary time,
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could contribute to healthier dietary intakes. Ensuring that
evaluations of such interventions include measures of
dietary intake will enable this possibility to be explored.
However, the limitations of the current study must be
acknowledged. The analyses were cross-sectional and all
measures relied on self-report. It is therefore not possible
to tease apart whether sedentary behaviour inﬂuences diet
or vice versa, and while the items included were reliable,
participant responses may have been inﬂuenced by social
desirability bias. In addition, dietary intake while engaging
in each of the speciﬁc screen-based sedentary behaviours
was not speciﬁcally assessed. Further, the sample com-
prised a lower proportion of adolescents classiﬁed as
overweight or obese (albeit height and weight were self-
reported in the current study) and a higher proportion
meeting guidelines for fruit and screen time, compared
with national estimates for this age group(15,45). The results
may therefore not be generalizable to the wider popula-
tion. Future studies should include longitudinal and
experimental designs, examine a wider range of screen-
based behaviours (laptops, tablets, smart phones), and
consider collecting sedentary behaviour and dietary intake
concurrently and/or information about the context of
eating occasions. New technologies that provide objective
measures of both behaviour and context, such as wearable
cameras(46), may provide promising insights into the nat-
ure of associations between sedentary behaviours and
their context and dietary intakes.
Conclusion
The results of the current study suggest that individual and
aggregated recreational screen use (TV viewing, computer
use and playing e-games), and total sitting time, are
associated with unhealthy dietary intakes. Future studies
should employ longitudinal designs and could explore if
interventions that target both a reduction in individual and
overall recreational screen time, as well as overall seden-
tary time, lead to healthier dietary intakes.
Acknowledgements
Financial support: This work was supported by the
Australian Research Council (ARC) (grant number
DP130101078); National Heart Foundation of Australia
Future Leader Fellowships (V.C., award number 100444;
A.T., award number 100046); and a National Health and
Medical Research Council Career Development Fellow-
ship Level 2 (S.A.M., ID1104636). S.A.M. was previously
supported by an ARC Future Fellowship (grant number
FT100100581). The funders had no role in the design,
analysis or writing of this article. Conﬂict of interest: None.
Author contributions: D.C., V.C., J.D. and A.T. were chief
investigators of the ProjectADAPT study; E.A.F., S.A.M.,
D.C., V.C., J.D.G., J.H., J.D. and A.T. contributed to the
conceptualization of the research question and analysis
plan; E.A.F. performed the analyses; E.A.F., J.D.G. and A.T.
drafted the initial manuscript; and all authors revised the
manuscript for important intellectual content, approved
the ﬁnal version to be published and agree to be
accountable of all aspects of the work. Ethics of human
subject participation: This study was conducted according
to the guidelines laid down in the Declaration of Helsinki
and all procedures involving human subjects were
approved by Deakin University’s Human Ethics Advisory
Group – Health. Written informed consent was obtained
for from all parents and written assent was obtained from
adolescents.
References
1. Australian Bureau of Statistics (2013) Australian Health
Survey: Physical Activity, 2011–12 (4364.0.55.004).
Canberra: ABS.
2. Huang JS, Gottschalk M, Norman GJ et al. (2011) Com-
pliance with behavioral guidelines for diet, physical activity
and sedentary behaviors is related to insulin resistance
among overweight and obese youth. BMC Res Notes 4, 29.
3. Foley LS, Maddison R, Jiang Y et al. (2011) It’s not just the
television: survey analysis of sedentary behaviour in New
Zealand young people. Int J Behav Nutr Phys Act 8, 132.
4. Tremblay MS, LeBlanc AG, Kho ME et al. (2011) Systematic
review of sedentary behaviour and health indicators in
school-aged children and youth. Int J Behav Nutr Phys Act
8, 98.
5. Carson V, Hunter S, Kuzik N et al. (2016) Systematic review
of sedentary behaviour and health indicators in school-aged
children and youth: an update. Appl Physiol Nutr Metab 41,
6 Suppl. 3, S240–S265.
6. Dempsey PC, Owen O, Biddle SJH et al. (2014) Managing
sedentary behavior to reduce the risk of diabetes and car-
diovascular disease. Curr Diab Rep 14, 522.
7. Pearson N, Braithwaite RE, Biddle SJH et al. (2014) Asso-
ciations between sedentary behaviour and physical activity
in children and adolescents: a meta-analysis. Obes Rev 15,
666–675.
8. Pearson N & Biddle SJH (2011) Sedentary behavior and
dietary intake in children, adolescents, and adults. A
systematic review. Am J Prev Med 41, 178–188.
9. Leech RM, McNaughton SA & Timperio A (2014) The clus-
tering of diet, physical activity and sedentary behavior in
children and adolescents: a review. Int J Behav Nutr Phys
Act 11, 4.
10. Williams SL & Mummery WK (2012) Associations between
adolescent nutrition behaviours and adolescent and parent
characteristics. Nutr Diet 69, 95–101.
11. Fulton JE, Dai S, Steffen LM et al. (2009) Physical activity,
energy intake, sedentary behavior, and adiposity in youth.
Am J Prev Med 37, 1 Suppl., S40–S49.
12. Falbe J, Willett WC, Rosner B et al. (2014) Longitudinal
relations of television, electronic games, and digital versatile
discs with changes in diet in adolescents. Am J Clin Nutr
100, 1173–1181.
13. Tomlin D, McKay HA, Forster M et al. (2014) Exploring the
relationship between diet and TV, computer and video
game use in a group of Canadian children. Int J Child
Health Nutr 3, 195–203.
14. Borghese MM, Tremblay MS, Leduc G et al. (2014)
Independent and combined associations of total sedentary
time and television viewing time with food intake patterns of
Sedentary behaviour and diet among adolescents 1121
9–11 year-old Canadian children. Appl Physiol Nutr Metab 39,
937–943.
15. Australian Bureau of Statistics (2014) Australian Health
Survey: Nutrition First Results of Foods and Nutrients,
2011–12 (4364.0.55.007). Canberra: ABS.
16. Bornhorst C, Wijnhoven TMA, Kunesova M et al.
(2015) WHO European Childhood Obesity Surveillance
Initiative: associations between sleep duration, screen time
and food consumption frequencies. BMC Public Health
15, 442.
17. Han E & Powell LM (2013) Consumption patterns of sugar-
sweetened beverages in the United States. J Acad Nutr Diet
113, 43–53.
18. Australian Institute of Health and Welfare (2016) Australian
Burden of Disease Study: Impact and Causes of Illness and
Death in Australia 2011. Australian Burden of Disease
Study Series no. 3, BOD 4. Canberra: AIHW.
19. Funtikova AN, Navarro E, Bawaked RA et al. (2015) Impact
of diet on cardiometabolic health in children and adoles-
cents. Nutr J 14, 118.
20. Australian Bureau of Statistics (2013) Socio-Economic
Indexes for Areas (SEIFA) 2011. Canberra: ABS.
21. Australian Bureau of Statistics (2013) Australian Statistical
Geography Standard (ASGS): Volume 5 – Remoteness
Structure (1270.0.55.005). Canberra: ABS.
22. Salmon J, Owen N, Crawford D et al. (2003) Physical activity
and sedentary behavior: a population-based study of barriers,
enjoyment, and preference. Health Psychol 22, 178–188.
23. Australian Government, Department of Health (2014) Make
Your Move – Sit Less, Be Active for Life! Australia’s Physical
Activity and Sedentary Behaviour Guidelines for Young
People (13–17 years). Canberra: Commonwealth of
Australia.
24. Rosenberg DE, Bull FC, Marshall AL et al. (2008) Assessment
of sedentary behavior with the International physical activity
questionnaire. J Phys Act Health 5, Suppl. 1, S30–S44.
25. Craig CL, Marshall AL, Sjostrom M et al. (2003) International
physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc 35, 1381–1395.
26. Morley B, Scully M, Niven P et al. (2012) Prevalence and
socio-demographic distribution of eating, physical activity
and sedentary behaviours among Australian adolescents.
Health Promot J Aust 23, 213–218.
27. National Health and Medical Research Council (2013)
Australian Dietary Guidelines. Canberra: NHMRC.
28. Slining MM & Popkin BM (2013) Trends in intakes and
sources of solid fats and added sugars among US children
and adolescents: 1994–2010. Pediatr Obes 8, 307–324.
29. Morley B, Scully M, Niven P et al. (2010) National Secondary
School Students’ Diet and Activity Survey, 2009–10: Main
Report. Melbourne: Cancer Council of Victoria.
30. de Onis M, Onyango AW, Borghi E et al. (2007)
Development of a WHO growth reference for school-aged
children and adolescents. Bull World Health Organ 85,
660–667.
31. Timperio A, Crawford D, Telford A et al. (2004) Perceptions
about the local neighborhood and walking and cycling
among children. Prev Med 38, 39–47.
32. Burnham KP & Anderson DR (2002) Model Selection and
Multimodel Inference: A Practical Information – Theoretic
Approach. New York: Springer.
33. Pearson N, Biddle SJ, Williams L et al. (2014) Adolescent
television viewing and unhealthy snack food consumption:
the mediating role of home availability of unhealthy
snack foods. Public Health Nutr 17, 317–323.
34. Temple JL, Giacomelli AM, Kent KM et al. (2007) Television
watching increases motivated responding for food and
energy intake in children. Am J Clin Nutr 85, 355–361.
35. Halford JC, Boyland EJ, Hughes G et al. (2007) Beyond-
brand effect of television (TV) food advertisements/com-
mercials on caloric intake and food choice of 5–7-year-old
children. Appetite 49, 263–267.
36. Story M & French S (2004) Food advertising and marketing
directed at children and adolescents in the US. Int J Behav
Nutr Phys Act 1, 3.
37. Draper CE, Grobler L, Micklesﬁeld LK et al. (2015) Impact of
social norms and social support on diet, physical activity
and sedentary behaviour of adolescents: a scoping review.
Child Care Health Dev 41, 654–667.
38. Oliveira JS, Barufaldi LA, Abreu GD et al. (2016) ERICA: use
of screens and consumption of meals and snacks by
Brazilian adolescents. Rev Saude Publica 50, Suppl. 1, 7S.
39. Hare-Bruun H, Nielsen BM, Kristensen PL et al. (2011)
Television viewing, food preferences, and food habits
among children: a prospective epidemiological study. BMC
Public Health 11, 311.
40. Feldman S, Eisenberg ME, Neumark-Sztainer D et al. (2007)
Associations between watching TV during family meals and
dietary intake among adolescents. J Nutr Educ Behav 39,
257–263.
41. MacFarlane A, Cleland V, Crawford D et al. (2009) Long-
itudinal examination of the family food environment and
weight status among children. Int J Pediatr Obes 4, 343–352.
42. Leech RM, McNaughton SA, Crawford DA et al. (2014)
Family food involvement and frequency of family dinner
meals among Australian children aged 10–12 years. Cross-
sectional and longitudinal associations with dietary patterns.
Appetite 75, 64–70.
43. Shi L & Mao YP (2010) Excessive recreational computer
use and food consumption behaviour among adolescents.
Ital J Pediatr 36, 52.
44. Busch V, Van Stel HF, Schrijvers AJ et al. (2013) Clustering
of health-related behaviors, health outcomes and demo-
graphics in Dutch adolescents: a cross-sectional study. BMC
Public Health 13, 1118.
45. Australian Bureau of Statistics (2015) National Health
Survey: First Results, 2014–15. Canberra: ABS.
46. Doherty AR, Kelly P, Kerr J et al. (2013) Using wearable cam-
eras to categorise type and context of accelerometer-identiﬁed
episodes of physical activity. Int J Behav Nutr Phys Act 10, 22.
1122 EA Fletcher et al.
